Possible coupling of chemical to structural dynamics in subtilisin BPN' catalyzed hydrolysis.
The viscosity dependence of enzymatic catalysis was examined in subtilisin BPN' catalyzed hydrolysis of N-succinyl-Ala-Ala-Pro-Phe-p-nitroanilide and N-succinyl-Ala-Ala-Pro-Phe-thiobenzyl ester. The viscosity of the reaction medium was varied by added glycerol, ethylene glycol, sucrose, glucose, fructose, poly(ethylene glycol) and Ficoll-400. Responses of the Michaelis-Menten parameters associated with hydrolysis were calculated from data obtained by spectrophotometric techniques. The reactions with these two substrates have catalytic rates well below the diffusion-controlled limit and thus enable us to study the viscosity effects on catalytic steps of non-transport nature. It was found that the Km values for both amide and ester reactions remained relatively independent of cosolvents. On the other hand, while the kcat values for amide were insensitive to cosolvents, those for ester were substantially attenuated except in the case of poly(ethylene glycol). The observed rate attenuations cannot be explained by changes in proton activity, water activity, dielectric constant of the reaction medium or shifts of any kinetically important pKa. Instead, the results can be adequately described by microviscosity effects on the unimolecular deacylation step with a coupling constant of 0.65 +/- 0.11. In addition, the different viscosity dependence in the acylation vs deacylation step can be rationalized in terms of fluctuation-dependent chemical dynamics of proton transfers in the context of the Bogris-Hynes model.